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学 位 論 文 の 要 旨（英訳） 
 
 
Study on High Pressure Fuel Injection Rate Measurement with a Flow Rate Meter Based on Laser 
Doppler Anemometer 
 
Tetsuji Koyama  
 
In order to improve the performances of internal combustion engines, the control technology of 
their components must be improved. For example, the fuel injection control in a direct-injection 
engine becomes important.  Understanding of the spray characteristic is requested for an advanced 
control of fuel injection. Although detailed knowledge is accumulated by various spray 
measurement results, the direct evaluation of spray characteristics under engine operating condition 
is not enough until now.  
The fuel injection rates are an essential element related with the spray characteristics. When the 
relationship between the injection rate and the spray characteristic is clarified, the injection rate can 
be used instead of the spray characteristic during an engine operation. It contributes to a design of 
an injection system, or development of the control of combustion. The injection rate meter which 
can measure the upstream of the injector is required. The BOSCH type injection rate meter is 
generally used in the previous studies.  A simultaneous measurement of spray characteristics and 
injection rate cannot be performed, because it measures at downstream of the injector.   
The LDA flow rate meter can measure the flow rate at upstream of the injector. The past system 
is applied only for the experimental fuel-supply system due to the huge system and high cost. Small 
and low-cost LDA flow rate meter is desired for promotion of study with the LDA flow rate meter 
and the fuel-supply system for actual automobile.   
 
An LDA flow rate meter with low-cost and simple structure has been developed for measuring a 
fuel injection rate in the upstream of the injector of a high pressure fuel injection system. The 
performances of developed LDA flow rate meter has confirmed by time series of instantaneous flow 
rate under the conditions of several fuel pressuring system, fuel pressure and valve opening duration. 
The oscillation in the instantaneous flow rate by opening and closing of a fuel injector valve causes 
measurement error. The accuracy of the injection rate is improved by removing the errors.   
The developed LDA flow rate meter consists of a semiconductor laser, a photomultiplier, and a 
frequency sifter. The small and portable structure is realized by using frame-work and integrated 
structure. The structure presents easy replacement of the measuring part. 
Two kinds of fuel-supply systems, namely, a pressure vessel (fuel is pressurized by a compressed 
air) and a high pressure pump, were applied. The used injector was a high pressure swirl injector for 
direct injection gasoline engines. The LDA flow rate meter was installed just before the injector. 
The injection period and injection cycle of the injector were set up with the injector controller. 
N-heptane was used for safety of experiments. A tracer particle was used for a pressure vessel 
experiment. It was not used for the high pressure pump experiments due to the limitation of the 
clearance of the pump.   
The performance test of the LDA flow rate meter was performed under the conditions of various 
measurement pipe inner diameter. The influence of the pipe inner diameter on the instantaneous 
flow rate was clarified. The sensibility of a fuel injection pressure and the time resolution with 
various injection periods were evaluated. Instantaneous flow rate by the LDA flow rate meter was 
compared with that of the BOSCH type injection rate meter. The integral masses from the 
instantaneous flow rate by the LDA flow rate meter were compared with the results by the electrical 
mass balance. The injection cycle was set constant for 200 ms. For the high pressure fuel injection 
rate test, the conditions of fuel injection pressures and injection periods were expanded from the 
performance test.   
 
The developed LDA flow rate meter can provide the instantaneous flow rate at the upstream of 
injector in a high pressure injection system. Maximum pressure of the test pipe is decided as 30 
MPa from the results of pressure test., It is able to use for the high pressure fuel injection in the 
gasoline engine. The influence of the measurement pipe inner diameter of the LDA flow rate meter 
is negligible small under the present test conditions. It means the pipe diameter can be selected by 
measuring range. The resolutions of temporal and the instantaneous flow rate are enough to discuss 
the 1 MPa or less fuel pressure change. The difference in the fuel injection rate with various fuel 
injection pressures and injection periods can be clarified. It is confirmed that the LDA flow rate 
meter has sufficient performances for measuring the high pressure fuel injection system of a 
gasoline engine. The comparison of the high pressure fuel injection rate indicates the correlation of 
the results by the LDA flow rate meter and the conventional injection rate. Differences between 
them are caused by the oscillation depending on an instrumentation system and a fuel injection 
system.  The BOSCH system provides no-data during injector valve closing duration because 
no-leakage is occurred. The LDA flow rate meter can measure the oscillating flow in the upstream 
of injector.  The comparison between the results by the electrical mass balance and by the LDA 
flow rate meter shows that the oscillation in the instantaneous flow rate causes the errors. In order 
to discuss the correlation of a spray and instantaneous injection rate, the oscillating flow of the 
upstream of the injector by opening and closing of an injector is treated as error.   
 
The purpose of the LDA flow rate meter is the measurements of the fluid behavior on the 
upstream of fuel injection system for application of the actual internal combustion engine. The 
oscillation by opening and closing of the injector valve is inevitable results due to the purpose.  
The accuracy of injection rate must be improved. The oscillation is treated as a system response, 
and it is removed from an instant flow rate.  After removal of the oscillation motion, the results of 
the instantaneous flow rate and integrated mass become better than that before removal. 
To summarize the above, this LDA flow rate meter is a useful method for the characterization of 
injection rate of the fuel spray. 
 
